Pregnancies in women on chronic dialysis for end-stage renal disease are high risk, but outcomes appear to have improved with increasing experience and advances in dialysis care. This paper reviews the existing data on outcomes in such pregnancies to enable evidence-based preconception counselling and anticipation of antenatal complications.
Pregnancy is uncommon in women with end-stage renal disease as uraemia interferes with the normal functioning of the hypothalamic-pituitary-ovarian axis, resulting in anovulatory cycles, amenorrhoea and impaired fertility. These women are also more likely to be discouraged from conceiving or to decide on termination after being counselled regarding their high obstetric risk.
This pessimistic perception is largely a result of the poor outcomes reported in early studies on pregnancies in dialysis patients -the European Dialysis and Transplant Association study looking at pregnancies between 1967 and 1978 found that only 23% were successful 1 while the 1981 Japanese nationwide survey reported an even more dismal 9% live birth rate. 2 Since then, however, support for these pregnancies has improved with advances in the management of patients with renal failure, such as the introduction of high-flux dialysis and the use of erythropoietin therapy for anaemia, and progress in care for premature neonates. This appears to have translated into more encouraging survival rates: Souqiyyeh et al. 3 described a 30% live birth rate in Saudi Arabia 1992, Toma et al. 2 reported 66.2% in Japan in 1999, Okundaye et al. 4 found 40.2% in the United States in 1998, and there has also been a growing number of case reports detailing successful singleton and even multiple 5, 6 pregnancies.
In view of this apparent shift towards improved outcomes, this paper aims to review the existing data on obstetric outcomes in women with end-stage renal failure on chronic dialysis. This information will help clinicians provide evidence-based prenatal counselling for prospective mothers on chronic dialysis.
METHODS

Search strategy
The MEDLINE and EMBASE databases from January 1995 to December 2009 were searched using the search strategy detailed in Figure 1 . A hand-search of the bibliographies of retrieved papers was also carried out to obtain additional references. The search was limited to studies written in English and those carried out on human and female subjects.
Selection criteria
Studies were included if they:
(a) were peer-reviewed publications of observational studies (i.e. cross-sectional, cohort and case-control studies, case series and case reports); (b) studied pregnancy outcomes of patients with end-stage renal disease who conceived while on either chronic haemodialysis or chronic peritoneal dialysis.
As pregnancies in women on dialysis are scarce, the majority of published studies are either case reports or small case series. While these introduce the potential problems of reporting bias and heterogeneity of management, they were nonetheless included in our review, as, in the absence of an international registry, they remain the main sources of data for evaluating outcomes and complications. Studies were excluded if they were:
(a) review articles; (b) studies containing duplicate data; (c) studies based on registry or survey data, because of the potential for duplication of data; (d) studies reporting pregnancy outcomes where it was not possible to derive data specific for women who conceived while on chronic dialysis; or (e) studies focusing exclusively on patients who commenced dialysis only after conceiving, on temporary dialysis for acute renal failure or who ceased dialysis after renal transplantation.
If both patients who started dialysis prior to pregnancy and those who started dialysis only after conception were included in the same study, only data pertaining to the former was extracted.
Study selection and data collection were performed independently using standardized forms by two of the investigators (LY and EWH) and controversies were resolved by discussion.
Data collection
The following data were collected: (a) Study information: title, author, year and journal; (b) Demographics: number of women, number of pregnancies, number of conceptions, maternal age, mode of dialysis and duration of dialysis prior to pregnancy; (c) Pregnancy complications and outcomes: early pregnancy losses (spontaneous miscarriages and therapeutic abortions ,20 weeks of gestation), continuing conceptions (conceptions that continued past 20 weeks gestation), fetal abnormalities, antepartum haemorrhage, placental abruption, poly-and oligohydramnios, stillbirths (infants born at !20 weeks gestation who did not, at any time after being born, breathe or show any other sign of life), preterm births (live deliveries before 37 weeks of gestation), live births, indications for delivery, mode of delivery and gestational age at delivery; (d) Maternal complications: hypertensive disease (worsening of pre-existing hypertension, pregnancy-induced hypertension or preeclampsia), gestational diabetes, peritonitis, haemoperitoneum, caesarean sections and maternal deaths; and (e) Neonatal outcomes: birth weights, Apgar scores, neonatal deaths (death of a live born infant within the first 28 days of life) and perinatal deaths (sum of stillbirths and neonatal deaths).
These outcomes were chosen because of their relevance to obstetric practice and patient counselling.
Statistical analysis
Two different denominators -'total number of conceptions' and 'total number of pregnancies' -were used in our calculations. The former was larger as it counted individual conceptions from multiple pregnancies. 'Total number of conceptions' was used as the denominator for calculations involving poly-and oligohydramnios, spontaneous miscarriage, therapeutic abortions, fetal abnormalities, stillbirths, preterm births and live births, whereas 'total number of pregnancies' was taken as the denominator in calculations for maternal hypertensive disease, gestational diabetes, peritonitis and maternal deaths.
RESULTS
Demographics
Twenty-two women representing 24 pregnancies were excluded because they were only started on dialysis after conception. Data from the remaining 208 women representing 222 pregnancies and 225 conceptions, including a pair of twins 5 and a set of triplets, 6 were analysed. The mean age of the patients was 31.7 + 10.4 years. All women had end-stage renal failure and were on chronic dialysis prior to conception; mean duration of dialysis at onset of pregnancy was 4.3 + 8.5 years (Table 1) .
Pregnancy complications
Twenty-four (10.7%) conceptions were therapeutically aborted and 13 (5.8%) spontaneously miscarried; the remaining 188 (83.6%) continued past 20 weeks gestation. Of these, 10 (4.5%) ended in stillbirths, while the remaining 178 (79.1%) resulted in live births ( Figure 2 ). 2,5 -54 The mean gestational age at delivery was 32.9 + 6.7 weeks, with a total of 160 (71.1%) births occurring before 37 weeks gestation ( Table 2) .
Data for the cause of preterm birth were available for 106 (66.3%) of the preterm deliveries ( Figure 3 ). Forty-two (39.6%) of these were spontaneous preterm births, with 35 women presenting with contractions and seven with preterm premature rupture of membranes, while the remaining 64 (60.4%) resulted from medical intervention. This included 31 who were delivered due to evidence of fetal distress, 11 for intrauterine growth restriction, nine for maternal hypertensive disease, four for antepartum haemorrhage and one for obstetric cholestasis ( Figure 4 ).
There were three cases of fetal abnormalities, 19, 39, 53 including one case of Apert syndrome 39 and another with right-sided pulmonary agenesis. 53 Seventy-two (32%) cases of polyhydramnios and six (2.7%) cases of oligohydramnios were reported.
Maternal effects
Hypertensive disease was the major maternal complication, affecting 67 (30.2%) pregnancies. There were two recorded cases of gestational diabetes.
There were five (2.3%) cases of peritonitis, four of which occurred in patients on peritoneal dialysis (Table 3 ). These four patients represented 28.6% of the total number of women on peritoneal dialysis.
Three patients on peritoneal dialysis presented during their pregnancies with bloody dialysate drainage. 9, 36, 38 This resolved without sequelae in one patient, 9 but significant bleeding necessitated surgery in the other two. The first patient was found to have active bleeding of a serosal tear of the uterine fundus -haemostasis could not be secured and she had a hysterotomy with delivery of a dead fetus at 19 weeks. 36 The second patient had multiple areas of uterine bleeding; haemostasis was achieved with sutures and cauterization but the patient miscarried the day after surgery. 38 Of the 157 pregnancies for which data regarding mode of delivery was available, 58 (36.9%) babies were delivered by caesarean section. Of these, the majority were performed for indications such as fetal distress (20, 34 .5%) and preterm labour (9, 15.5%).
Neonatal outcomes
There were 19 neonatal deaths and 28 perinatal deaths among the 159 live births for which such data were reported. This gives neonatal and perinatal mortality rates of 11.9% and 17.6%, respectively. Mean birth weight was 1810 (+1193.8) g and average Apgar score at five minutes was 8.0 (+4).
DISCUSSION
Outcomes and complications
The 79.1% live birth rate was more favourable than those from earlier studies utilizing registry data and national surveys. While outcomes may have indeed improved as a result of advances in care, 21, 29 it must be noted that the available literature largely comprises case reports and small case series. This inherently carries the problem of publication bias as successful cases are more likely to be reported. The spontaneous miscarriage rate is also likely to be underestimated, as many pregnancies are lost before they are clinically confirmed. True survival rates may therefore be somewhat less optimistic. The preterm delivery rate was high at 71.1%, with the majority (64, 60.4%) due to medical intervention for complications such as fetal distress and intrauterine growth restriction, and the remainder (42, 39.6%) because of spontaneous labour or premature rupture of membranes. These data are however limited by the lack of information regarding indications for preterm delivery in about a third (33.8%) of the babies born prematurely.
Our preterm delivery rate is in keeping with those observed in previous studies. 13, 36 Apart from polyhydramnios, higher blood urea concentration (as measured by predialysis urea levels), hypercalcaemia, hypomagnesaemia and post-dialysis dips in progesterone levels have also been put forward as contributory factors for spontaneous preterm delivery in patients on dialysis. 3, 12 The high risk for preterm delivery and significant numbers that required delivery for fetal distress and intrauterine growth restriction means that such pregnancies are best managed in centres with facilities for close fetal surveillance and intensive neonatal care.
Renal failure results in impairment of one of the major physiological means of regulating blood pressure, and this, together with the increase in fluid volume in pregnancy and the higher risk of developing preeclampsia, makes it unsurprising that hypertensive disease was the main maternal complication observed.
One of the common problems with hypertension in pregnant dialysis patients is the difficulty in differentiating superimposed preeclampsia from inadequate dialysis. 12, 39 This is because the majority of such women are anuric, making it impossible to test for proteinuria; non-anuric patients may also have pre-existing proteinuria secondary to their underlying renal pathology, making interpretation of urine chemistry more difficult.
Clinicians may use clinical symptoms such as epigastric or right upper quadrant pain and biochemical parameters such as thrombocytopenia and raised liver transaminases to help in distinguishing preeclampsia from suboptimal dialysis. The distinction is however often difficult, and a high index of suspicion, particularly when blood pressure remains poorly controlled despite fluid restriction and intensified dialysis, is required. 12, 39 There were 72 (32%) cases of polyhydramnios. The high incidence of polyhydramnios in pregnant dialysis patients has been postulated as being due to increased diuresis by the fetal kidneys in response to raised urea and creatinine concentrations. 55, 56 Several studies have also reported 26, 33, 56 an association between more intensive haemodialysis regimens -resulting in lower circulating concentrations of metabolitesand a lower incidence of polyhydramnios.
Management
Haemodialysis was the predominant mode of renal replacement therapy among patients included in our review. Potential problems associated with haemodialysis in pregnancy include fetal distress from hypotension secondary to rapid fluid shifts during dialysis; transmission of blood-borne infections such as hepatitis B; and thrombosis of vascular access due to the physiological procoagulant state of pregnancy. 39 These complications were however uncommon in our review. Frequency and duration of dialysis were increased in the majority of patients included in our study. More intensive haemodialysis regimens are associated with improved fetal outcomes. 13, 33 Apart from reducing the incidence of polyhydramnios, this is also likely because amniotic fluid urea and creatinine levels fall in tandem with maternal levels of these metabolic waste products, thus providing a less azotaemic intrauterine environment for the fetus. Maternal risk of developing worsening hypertension is also reduced 57 as fluid balance is more tightly regulated. This has prompted some centres 31, 50 to propose daily nocturnal haemodialysis as a means of further improving the chance of a successful pregnancy outcome. Clinicians should however remember that patients on intensified dialysis regimens need to be carefully monitored to ensure adequate gain in dry weight over the course of the pregnancy and to avoid electrolyte and acidbase imbalances. 15, 56 Peritoneal dialysis had previously been proposed as the preferred mode of dialysis in pregnancy 56 because of tighter control of metabolite and electrolyte levels and lower risk of acute hypotensive episodes. Subsequent studies have however failed to show significant differences in obstetrical outcomes between the two methods of dialysis. 4, 36 We observed that the live birth rates in patients on haemodialysis (79.1%) and peritoneal dialysis (78.6%) were similar, but were unable to draw definite conclusions regarding the benefits of either method as the sample size of the peritoneal dialysis group was small and dialysis regimes were not standardized.
There is a concern that peritoneal dialysis increases the risk of peritonitis, particularly in already immunosuppressed pregnant women; the incidence was 28.6% (4 of 14 patients) in our analysis. 9, 12, 19, 39 Clinicians should be alert to this potential complication in patients on peritoneal dialysis presenting with abdominal pain and fever. Attention should also be paid to patients complaining of bloody peritoneal effluent, as haemoperitoneum may be the first clue to the presence of abdominopelvic pathology and significant bleeding can result in serious morbidity to both the mother and fetus. Of the three pregnancies 9, 36, 38 in our review complicated by haemoperitoneum, two had bleeding significant enough to warrant surgery and eventually result in miscarriage. 36, 38 Limitations This review is based on case series and case reports, which represent level 3 evidence. Such studies are also associated with the problems of publication bias and heterogeneity of data concerning patient characteristics, duration of dialysis and management regimens. We have attempted to contain this by limiting our analysis to only patients who were already on chronic dialysis prior to conception.
CONCLUSIONS
Pregnancy outcomes appear to have improved, with 83.6% of conceptions continuing beyond 20 weeks and almost four in five resulting in live births. However, the high rates of preterm delivery and the challenges of diagnosing and managing maternal hypertensive disease remain areas of concern.
In view of the multifaceted problems that potentially complicate such pregnancies, multidisciplinary involvement comprising physicians, obstetricians, midwives, dialysis nurses and neonatologists, starting from prepregnancy care and continuing through the antenatal period to delivery and beyond, is extremely important.
